Key words: Hall current,MHD flow, Free convection, Thermal radiation, Viscous dissipation, Chemical reaction, Galerkin finiteelement method.
I.
Introduction:
Considerable attention has been given to the unsteady free convection flow of viscous incompressible, electrically conducting fluid in presence of applied magnetic field in connection with the theories of fluid motion in the liquid core of the Earth and also meteorological and oceanographic applications. In recent years, the analysis of hydromagnetic flow involving heat and mass transfer in porous medium has attracted the attention of many scholars because of its possible applications in diverse fields of science and technology such as -soil sciences, astrophysics, geophysics, nuclear power reactors etc. In geophysics, it finds its applications in the design of MHD generators and accelerators, underground water energy storage system etc. It is worthmentioning that MHD is now undergoing a stage of great enlargement and differentiation of subject matter. These new problems draw the attention of the researchers due to their varied significance, in liquid metals, electrolytes and ionized gases etc. In addition, the applications of the effect of Hall current on the fluid flow with variable concentration have been seen in MHD power generators, astrophysical and meteorological studies as well as in plasma physics. The Hall Effect is due merely to the sideways magnetic force on the drifting free charges. The electric field has to have a component transverse to the direction of the current density to balance this force. In many works on plasma physics, the Hall Effect is disregarded. But if the strength of magnetic field is high and the number density of electrons is small, the Hall Effect cannot be ignored as it has a significant effect on the flow pattern of an ionized gas. Hall Effect results in a development of an additional potential difference between opposite surfaces of a conductor for which a current is induced perpendicular to both the electric and magnetic field. This current is termed as Hall current. Model studies on the effect of Hall current on MHD convection flows have been carried out by many authors due to application of such studies in the problems of MHD generators and Hall accelerators.
From the point of view of applications, this effect can be taken into account within the range of magnetohydrodynamical approximation. Abdul Maleque et al. [1] studied the effects of variable properties and Hall current on steady MHD laminar convective fluid flow due to a porous rotating disk. Ajay Kumar Singh [2] made an attempt to study the steady MHD free convection and mass transfer flow with hall current, viscous dissipation and joule heating, taking in to account the thermal diffusion effect.Anand Rao et al. [3] investigated applied magnetic field on transient free convective flow of an incompressible viscous dissipative fluid in a vertical channel. Anjali Devi et al. [4] discussed pulsated convective MHD flow with Hall current, heat source and viscous dissipation along a vertical porous plate.Atul Kumar Singhet al. [5] studied hydromagnetic free convection and mass transfer flow with Joule heating, thermal diffusion, Heat source and Hall current. Chowdhary et al. [6] studied heat and mass transfer in elasticoviscous fluid past an impulsively started infinite vertical plate with Hall Effect. Chaudhary et al. [7] analyzed Hall Effect on MHD mixed convection flow of a viscoelastic fluid past an infinite vertical porous plate with mass transfer and radiation. On the effectiveness of viscous dissipation and Joule heating on steady MHD and slip flow of a Bingham fluid over a porous rotating disk in the presence of Hall and ion -slip currents was studied by Emmanuel Osalusi et al. [8] . Hossainet al. [9] investigated the effect of hall current on the unsteady freeconvection flow of a viscous incompressible fluid with heat and mass transfer along a vertical porous plate subjected to a time dependent transpiration velocity when the constant magnetic field is applied normal to the flow. Lai [10] studied the coupled heat and mass transfer by mixed convection from vertical plate in a saturated porous medium. Maleque et al. [11] investigated the effects of variable properties and hall current on steady MHD laminar convective fluid flow due to a porous rotating disk. MHD stationary symmetric flows withHall effect was analyzed by Palumbo et al. [12] . Raja Shekhar et al. [13] studied the effect of hall current on free convection and mass transfer flow through a porous medium bounded by an infinite vertical porous plate, when the plate was subjected to a constant suction velocity and heat flux. Singh et al. [14] studied the effects of mass transfer on the flow past a vertical porous plate. Singh et al. [15] studied an integral treatment for combined heat and mass transfer by natural convention in a porous medium. Singhet al. [16] analyzed the free convection heat and mass transfer along a vertical surface in a porous medium. Later, Soundalgekar et al. [17] studied the coupled heat and mass transfer by natural convection from vertical surfaces in a porous medium.Hall Effect on MHD Flow and Heat Transfer along a Porous Flat Plate with Mass Transfer and Source/Sink was analyzed by Srihari et al. [18] . Sriramulu et al. [19] discussed the effect of Hall Current on MHD flow and heat transfer along a porous flat plate with mass transfer.
In this paper we studied theHall Effect on MHD flow and mass transfer of an electrically conducting incompressible fluid along an infinite vertical porous plate with thermal radiation, viscous dissipation and chemical reaction.Also, the effects of different flow parameters encountered in the equations are studied. The [19] . Theproblem is governed by system of Coupled Non -linear partial differential equations whose exact solution is difficult to obtain. Hence, the problem is solved by using Galerkin finite element method, which is more economical from computational view point.
II. Mathematical formulation:
An unsteady free convection flow of an electrically conducting viscous incompressible fluid with mass transfer along a porous flat plate has been considered with viscous dissipation. The flow is assumed to be in x -direction, which is taken along the plate in upward direction. The y -direction which is taken along the normal to the direction of the plate. 
Under the assumption that the electron pressure (for weakly ionized gas), the thermo -electric pressure and ion -slip conditions are negligible, equation (1) 
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The initial and boundary conditions of the problem are: Here  is Stefan -Boltzmann constant and * k is the mean absorption coefficient. It is assumed that the temperature differences within the flow are sufficiently small so that 4 T  can be expressed as a linear function of T  after using Taylor's series to expand 4 T  about the free stream temperature h T  and neglecting higher -order terms. This results in the following approximation:
Using equations (9) and (10) in the last term of equation (6), we obtain:
Introducing (8) 
The non -dimensional quantities introduced in the equations (4), (5) and (12) are:
The governing equations can be obtained in the dimensionless form as:
The initial and boundary conditions (8) in the non -dimensional form are:
equation (14), we see that  is either constant or a function of time t . Similarly solutions of equations (15) - (18) with the boundary conditions (19) exisists only if we take The skin -friction due to primary velocity at the wall along x -axis is given by
The skin -friction due to secondary velocity at the wall along z -axis is given by 
III. Method of solution:
By applying Galerkin finite element method for equation (15) over the element ) (e , ) ( One obtains:
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Applying the trapezoidal rule, following system of equations in Crank -Nicholson method are obtained: and using boundary conditions (19) , then the following system of equations are obtained:
A s are matrices of order n and i X , ' i B s are column matrices having n -components. The solutions of above system of equations are obtained by using Thomas algorithm for primary velocity, secondary velocity, temperature and concentration. Also, numerical solutions for these equations are obtained by Cprogramme. In order to provethe convergence and stability of Galerkin finite element method, the same Cprogramme was runwith smaller values of h and k and no significant change was observed in the values of u , w , and C . Hence the Galerkinfinite element method is stable and convergent.
IV. Results and Discussions:
The problem ofeffect of Hall current on an unsteady magnetohydrodynamic flow of an electrically conducting incompressible fluid along an infinite vertical porous plate with viscous dissipation has been studiedand solved by using Galerkin finite element method. (2) and (3). The Grashof number ) (Gr signifies the relative effect of the thermal buoyancy force to the viscous hydrodynamic force in the boundary layer. As expected, it is observed that there is a rise in the velocity due to the enhancement of thermal buoyancy force. Also, as Gr increases, the peak values of the velocity increases rapidly near the porous plate and then decays smoothly to the free stream velocity. The Modified Grashof number ) (Gc defines the ratio of the species buoyancy force to the viscous hydrodynamic force. As expected, the fluid velocity increases and the peak value is more distinctive due to increase in the species buoyancy force. The velocity distribution attains a distinctive maximum value in the vicinity of the plate and then decreases properly to approach the free stream value. It is noticed that the velocity increases with increasing values of Modified Grashof number ) (Gc . The influence of the viscous dissipation parameter i.e., the Eckert number ) (Ec on the velocity and temperature are shown in figures (8) and (9) respectively. The Eckert number ) (Ec expresses the relationship between the kinetic energy in the flow and the enthalpy. It embodies the conversion of kinetic energy into internal energy by work done against the viscous fluid stresses. Greater viscous dissipative heat causes a rise in the temperature as well as the velocity. This behavior is evident from figures (8) and (9) .The effect of the thermal radiation parameter R on the primary velocity and temperature profiles in the boundary layer are illustrated in figures (10) and (11) respectively. Increasing the thermal radiation parameter R produces significant increase in the thermal condition of the fluid and its thermal boundary layer. This increase in the fluid temperature induces more flow in the boundary layer causing the velocity of the fluid there to increase. Fromfigure (14) shows that the primary velocity profiles against y for several values of the transpiration cooling parameter ) ( keeping other parameters of the flow field are constant. The transpiration cooling parameter is found to retard the primary velocity of the flow field at all points. The reduction in primary velocity at any point of the flow field is faster as the transpiration cooling parameter becomes larger. One interesting inference of this finding is greater transpiration cooling leads to a faster reduction in the primary velocity of the flow field. (15) and (16), we see the influence of the both heat and mass transfer on secondary velocity of the flow. It can be seen that as both the heat and mass transfer increases, this secondary velocity component increases as well. In figure (25) we depict the effect of Prandtl number( Pr ) on the temperature field. It is observed that an increase in the Prandtl number leads to decrease in the temperature field. Also, temperature field falls more rapidly for water in comparison to air and the temperature curve is exactly linear for mercury, which is more sensible towards change in temperature. From this observation it is conclude that mercury is most effective for maintaining temperature differences and can be used efficiently in the laboratory. Air can replace mercury, the effectiveness of maintaining temperature changes are much less than mercury. However, air can be better and cheap replacement for industrial purpose.This is because, either increase of kinematic viscosity or decrease of thermal conductivity leads to increase in the value of Prandtl number( Pr ). Hence temperature decreases with increasing of Prandtl number ( Pr ). [19] intable -(4). They are found to be in an excellent agreement. [19] for different values of
